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CROSS REFERENCES TO RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Patent Application No. 
09/828,266 filed on April 6, 2001 /V which claims priority to U.S. Patent Application No. 
60/195,587 filed on April 6, 2000 and U.S. Patent Application No. 09/842,31 1 filed on April 25, 
2001, the contents of these applications being incorporated herein by reference in their entirety. 



BACKGROUND OF THE INVENTION 

In numerous applications there is a need to perform sonar beamforming operations to 
acquire spatial information regarding a particular area of interest. Sonar systems make use of 
sensor arrays to process underwater acoustic signals to determine the location of a noise source. 
Array processing techniques for isolating received signals are known as beamforming and when 
the same or analogous principles are applied to focus the transmission of signals, the techniques 
are referred to as beamsteering. Various systems have been developed to perform such 
beamforming operations that frequently depend upon the particular applications. 

One such application involves undersea search and survey that has various uses such as, 
but not limited to, terrain mapping and dredging operations. Further, undersea acoustic mine- 
field reconnaissance and mine hunting applications benefit from high-resolution imaging sonars 
for clutter rejection, obstacle avoidance, and identification of foreign objects. Currently, the 
discovery of underwater mines and obstructions is performed by touch in cold, murky water, 
often at night, under low-light conditions. Navy salvage, explosive ordinance disposal, and other 
military and civilian applications operate in zero-visibility water where "seeing with sound" 
using unmanned vehicles would make their jobs significantly more efficient and safer. 
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Commercial applications which include, for example, commercial navigation or aiding search 
and rescue dive teams would benefit from an improvement in imaging systems. 

There is still a need for a light-weight, low-power, low-cost, unmanned self-propelled 
sonar system for remote undersea imaging or surface imaging. 

5 

SUMMARY OF THE INVENTION 

The system and method of the present invention is directed to a sonar imaging system. 

The system and method of the present invention can be used, for example, in a self-propelled 

10 vehicle using a compact, light- weight system with an internal power supply such as batteries 
O 

i|j supplying power to the system for the duration of a particular imaging operation. One 
p application of the sonar beamforming system is for underwater detection and reconnaissance. In 
waters up to 150 meters deep it is often the most difficult for military and commercial 
applications, as personnel need to traverse water containing underwater mines and obstructions. 



i| In accordance with a preferred embodiment, the sonar beamforming system and method 

\Q of the present invention includes, for example, a forward-looking sonar for obstacle avoidance 
M* and undersea survey. The system includes one-dimensional transmit and receive transducer 
arrays with beamforming electronics, a computing controller such as, for example, a personal 
computer host controller. The arrays and beamforming electronics are packaged in an 
20 environmentally or hermetically sealed housing unit and mounted in at least the nose of an 
Unmanned Underwater Vehicles (UUV). The system and method of the present invention 
further includes at least one side-looking sonar, and preferably two side-looking sonars. The 
side-looking sonar system may include 32-element, one-dimensional arrays that are mounted on 
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either side of the UUVs. Further, a downward-looking Bathymetric sonar may be mounted on 
the underside of the vehicle for high-resolution mapping. 

In accordance with a preferred embodiment of the present invention, the sonar imaging 
systems such as, for example, the forward-looking scan, the side-looking sonar and downward- 
looking sonar use charge-domain-processing (CDP) such as charge coupled device 
(CCD/CMOS) integrated circuits that allow electronic lenses to focus reflected energy following 
detection by a one-dimensional array. The low power attributes of CCD/CMOS technology in 
beamformers facilitate the use of batteries to provide the life span of missions. Further, 
beamformers are used to emulate an acoustic lens for the sonar and are made smaller with fewer 
mechanical parts that are susceptible to failure. Electronic beamformers provide better imaging 
with minimal or no reflection artifacts. 

The foregoing and other features and advantages of the sonar beamforming system and 
method will be apparent from the following more particular description of preferred 
embodiments of the system and method as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout the different views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention are described with reference to the 
following drawingsywherein: 



Figure 1 is a diagram illustrating a preferred embodiment of a sonar beamforming 
system in accordant with the present invention; 



Figure 2 is a diagram illustrating another preferred embodiment of a sonar beamforming 
system in accordance with the present invention; 
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Figure 3 is a block diagram illustrating an electronic focusing sonar imaging system in 
accordance with^apreferred embodiment of the present invention; 

Figure 4 is a block diagram illustrating a sonar imaging system in accordance with 
another preferred embodiment of the present invention; 

Figure 5is a block diagram illustrating a flow chart of the image fusion process of the 
sonar imaging system in accordance with a preferred embodiment of the present invention; 

Figure 6^sCschematic illustration of transmit and receive beam configurations of the 
sonar imaging system^n accordance with a preferred embodiment of the present invention; and 

Figure 7 is a graphical illustration of a curvilinear array of a sonar imaging system in 
accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Under water research scientists continue to seek small, low power acoustic sensor 



technology for transition to an Autonomous Unmanned Vehicle (AUV) or an Unmanned 
J| Underwater Vehicle (UUV) such as the Semi-Autonomous Hydrographic Reconnaissance 
M Vehicle (S AHRV). High resolution is desired for undersea search and survey and to maximize 
the vehicles ability to perform target detection and classification. Existing multi-beam forward- 
looking sonars (FLS) with nominally half-degree resolution and greater than thirty degree field 
of view need to be improved to provide adequate imaging performance. The present invention is 
20 directed to a system and method for a sonar beamforming systems such as, for example, AUV's 
with FLS requiring substantially less power and volume than existing systems. This is 
accomplished by using programmable, low-power, high-throughput charge-domain-processing 

technology such as charge coupled devices (CCD/CMOS) integrated circuit technologies for 
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electronic beamforming in conjunction with sonar arrays fabricated by, for example, Material 
Systems Technology (MSI). For example, at a 40 MHz clock rate, the beamformer provides a 
continuous computation throughput of approximately 10 billion operations per second and a 
delay update rate of approximately 22 billion bits per second and dissipates less than about 1 
Watt of electric power. 

The forward-looking sonar provides the vehicle's operational requirement for obstacle 
avoidance and search of the bottom area beneath the vehicle that is not covered by an additional 
side-scan sonar or side-looking sonar (gap-filler sonar). A high frequency multi-element 
curvilinear receive array is used in conjunction with separate acoustic projectors, one aimed 
H straight ahead for obstacle avoidance and a separate projector aimed at a depression angle 
suitable for the gap-filler application. 

In a preferred embodiment, the existing unfocused side-looking sonar (SLS) in 
underwater vehicles is replaced with a low power focused sonar. In a second preferred 
embodiment, a downward-looking sonar (DLS) capable of providing real-time Bathymetric 



fi 

pi 

M 
M 

tgj surveys suitable for military and commercial ships to negotiate navigable routes into port is 



additionally provided. Each of the preferred embodiments of the beamforming systems is based 

on the CCD/CMOS integrated circuit technologies for electronic beamforming. Card assemblies 

are designed to maximize commonality among the subsystems. Replacing the existing SLS 

minimizes the power requirements of the suite of sonar sensors and minimizes the impact of the 

20 additional sonar sensors on the total vehicle cost. 

An example of a low-cost autonomous underwater vehicle (AUV) for coastal monitoring 

and multiple vehicle survey operations is the Remote Environmental Monitoring UnitS 

(REMUS). In a preferred embodiment the vehicle is approximately 53 inches long with a body 

-6- 

{J:\CLIENTS\bus\020932\0100\0022467l.RTF;! } 



diameter of about 7.5 inches, although the length may be increased to support any reasonable 
payload. The AUV is neutrally buoyant, preferably weighing, without limitation, only 68 pounds 
in air, and is powered by sealed lead acid batteries. The vehicle can be operated in fresh or salt 
water. Because the preferred embodiment of the AUV is so small, it can be easily transported, 
5 launched and recovered from a small vessel and special handling equipment is not required. 

Although small in size, the AUV vehicle is configured to support a variety of sensor 
packages. The vehicle has a conductivity/temperature/depth (CTD) sensor system and an optical 
backscatter sensor on board. Telemetry data provides time of day, depth, heading, and a 
geographic fix for the data. 

O 

Another preferred embodiment of the AUV includes a longer version of REMUS with an 

hO 

S3 acoustic Doppler current profiler and Global Positioning System (GPS). Additional personal 

hO 

N computer slots such as, for example, PC- 104 slots and RS-232 ports are available for user- 
is? 

^ designed payloads. 

Q 

In a preferred embodiment, the AUV has three motors forward of the propeller. The 
J| propulsion assembly is optimized to provide 1.5 pounds of thrust at a forward speed of four 

o 

f** knots. At this speed a 40-nautical-mile track can be completed in 10 hours. A preferred 

embodiment of the AUV runs from a 24-volt power supply and draws approximately 32 watts 
while maneuvering through the ocean, enabling the vehicle to operate at four knots for 14 hours. 
In a preferred embodiment the AUV control computer is based on PC- 104 technology, a 

20 small form factor version of the common IBM-PC hardware. The Central Processing Unit 

(CPU) is housed in a custom motherboard, and has eight 12-bit analog to digital channels, 

input/output ports, power supplies, and other interface circuitry. Internally, the AUV runs at 

least one operating system program such as, for example, a DOS program written in C++ 
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operating system program such as, for example, a DOS program written in C++ language that 
executes out of an autoexec.bat file. The vehicle user interface may run on a laptop computer. 

A preferred embodiment of the AUV possesses an acoustical system with a digital signal 
processor. A receiving array of four hydrophones is located in the nose, and on the bottom is a 
hydrophone sensor that can both transmit and receive. To determine its position, the AUV 
transmits a coded ping to a transponder and listens for a reply. The range and bearing of the 
reply allows the AUV to determine its location. The AUV can be programmed to interrogate a 
plurality of transponders, approaching each transponder by minimizing the range. When the 
range to a transponder is below a predetermined threshold, the vehicle then listens on a different 
channel for the next transponder and approaches it using the same technique. By setting the 
transponders once using GPS, a known track line may be followed on subsequent imaging 
operations. This system be used to autonomously dock the vehicle. 

In a preferred embodiment, the specifications of the AUV are described in Table 1 as 
follows: 



Table 1 



Parameter 


Approximate Dimensions 


Length 


53 inches (1.3) 


Beam 


5.5 feet 


Diameter 


7.5 inches (19.1cm) 


Maximum Operating Depth 


492 feet (150m) 


Gross Weight 


68 lbs. in the air, neutrally buoyant in water 


Dive Duration 


14 hours at 4 knots 
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Propulsion 


Three motors; one direct drive thruster and 
sprocket driven rudder, two pitch motors, and 
one stem propeller 


Power requirements 


24-volt supply, 32 watts while maneuvering at 
4 knots 


Power Source 


Rechargeable lead acid batteries 



Figure 1 is a diagram illustrating a preferred embodiment of a sonar beamforming system 
10 as implemented in an AUV in accordance with the present invention. The system 10 includes 
a forward-looking sonar (FLS) 14 having forward-looking sonar transmit beams 16 and forward- 
looking sonar receive beams 18. The following are exemplary values for the forward-looking 
sonar: 



Table 2 



Parameter 


Approximate Dimensions 


Operating frequency 


SOOKHz- 1.2MHz 


Beam resolution 


< 1 degree 


Field of view 


> 30 degrees 


Number of elements 


Minimum of 128, preferably 128 or 192 


Aperture 


> 14 cm 


Element pitch 


(0.5 lambda) 


Image ranges 


3 to 5, 10, 20, 40 or 60 m 


Independent beams 


64 


Range resolution 


< 1 cm 
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The forward-looking sonar has a capability of at least 0.5 azimuth resolution, 30° Field 
of Vision (FOV); and reducing volume and power requirements by about one third such as, for 
example, 700 cubic inches and a range of 25 to 100 watts. 

In a preferred embodiment, the forward-looking sonar comprises bistatic transducer 
arrays, preamplification and beamforming electronics and a commercially available computer. 
Further, an industry-standard personal computer such as PC- 104 computer and a high speed 
serial bus such as, for example, without limitation, Institute of Electrical and Electronics 
Engineers, Inc. (IEEE) 1394 or Universal Serial Bus (USB) 2.0 peripheral interface provide for 
data collection and archiving of the data generated by the front-end beamforming electronics. 
The IEEE 1394 data transport bus supports both asynchronous and isochronous data. In another 
preferred embodiment, a parallel interface such as a peripheral component interconnect (PCI) ' 
may be used. 

The system further includes at least one side-looking sonar (SLS) 20, and preferably two 
side scan or SLS sonars. Exemplary values of the side-looking sonar are as follows: 

Table 3 



Parameter 


Approximate Dimensions 


Range 


2 m- 50 m 


Aperture 


>40 cm 


Frequency 


500KHz-lMHz 


Beam width 


< 1 degree 


Cross-range resolution 


<0.2m 
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In a preferred embodiment, the side-looking scan or sonar consists of two multi-element 
receive arrays, preamplification and a single beamforming integrated circuit to realize a 
dynamically range-focused side-looking sonar system. The arrays, in a preferred embodiment, 
have 32 elements and are sized to have a vertical beamwidth of +/-30 degrees. A common 
aperture may be used for both the transmitter and receiver. 

Another preferred embodiment includes multi-mode arrays such as, for example a first 
search and detection mode and a second high resolution target recognition mode. The 
beamformer is integrated with onboard processing which enables automatic obstacle detection 
and target recognition. Further, the arrays may be built directly on the hulls of the vehicles and 
then encapsulated as a single unit. This simplifies the fabrication process and minimizes, and 
preferably eliminates the need for expensive electrical feed through. Preamplifiers may 
optionally be incorporated in the encapsulation. 

Acoustic communication devices 24 which are preferably steerable are also included in 
the system 10. These arrays may be fabricated by, for example, Material Systems Technology 
(MSI). Thus, the system 10 includes the integrated arrays - forward-looking sonar (FLS), side- 
looking sonar (SLS), and acoustic communication devices. 

Figure 2 is a diagram illustrating apother-preferred embodiment of a sonar beamforming 
system 40 in accordance with the present invention. This system 40 includes a forward-looking 
sonar 44 having forward-looking sonar transrmtfe^ams 48 and forward-looking sonar receive 
beams 50. In addition, the system 40Jj3s4we-sirtffscan sonars 46. Further acoustic 
communication devices 54 which are preferably steerable are also present in this preferred 
embodiment of the system. At least onaidentiffemion sonar 60 or a downward-looking 
Bathymetric Sonar is also mounted on the^unolfeside of the vehicle that transmits beam 58 and 
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receives beams 56. This Batljwietric sonar 60 is a downward-looking sonar (DLS) for high- 
resolution terrain mapping ano^bj^f t identification. 

In a preferred embodiment, the downward-looking sonar 60 is made with a similar 
construction as the forward-looking sonar and is housed in its own replaceable hull section. This 
5 allows the UUV to adapt to imaging operation requirements by adding payload sections as 
needed. The downward-looking sonar is cylindrically shaped and is conformed to the vehicle 
hull. As it is preferably, but without limitation, housed in its own section, the surfaces of the 
arrays are flush with the hull as there is no mechanical interference with the on-board systems. 
The arrays thus are conformal and are not appendages protruding from the vehicle that can be 
|§ damaged during deployment, operation or retrieval. The downward-looking sonar array 
p preferably includes, but is not limited to, a single element projector to provide the illumination 
for a 128-element receiver array 58. The 128 elements may be each spaced a distance of 0.5A, 
^ apart to minimize grating lobes. 

In a preferred embodiment, the FLS is housed in a replaceable nose cone, the SLS is 
conformed on a hull section of the vehicle and the DLS is fabricated in its own hull section. 

Figure 3 is a block diagram illustrating an electronic focusing sonar imaging system 70 in 
accordance with a preferred eirfDodiment of the present invention. Signals such as transducer 
signal 74 and output signals 76 ibrqvthe input to a low noise preamplifier 72 having time-gain 
control. The output of the preamplifier 7^\forms the input into a sampling subsystem 80. The 
20 output of the sampler forms the inpuUgj^ergrammable delays 82 associated with beamsteering 
and focusing functions, the ouWt of which forms an input into a weighting subsystem 84. The 
outputs of the weighting function are then summed in a summer 86. In a preferred embodiment 




the sampler 80, the programmabfe^ojays 82, the weighting function 84 and summer 86 functions 
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are integrated on a single cbip - wEich accomplishes beamforming, preferably using a charge- 
domain-processing (CDP) structm^. A preferred implementation of a beamforming device using 
CDP technology, inrlnHinp a p rn prnmwYahle tapped delay line structure, is described in a co- 
pending PCT InternationalXpplication Number PCT/US98/02291, filed on 3 February 1998, by 
5 Jeffrey Gilbert, Alice (SJiiang, andSTeven Broadstone, the entire contents of which is hereby 
incorporated by reference. 

In a CDP circuit, sampled information is represented by analog charge packets. If the 
information is accurate to 10-bit words, instead of representing it by 10 separate digital bits, each 
charge packet represents a 10-bit value and these charge packets can be manipulated at a high 
j5j speed with a high level of accuracy, for example, approximately 10-bit, in a very small chip area. 

p The CCDs of the present invention have a charge sensing method that eliminates clock feed- 

1 

h* through. Furthermore, a charge domain multiplier that maintains the output accuracy to more 
4! 

than 8-bits is also included. The CCD signal processors have an output dynamic range of at least 



jr^J 60 dB. The CDP technology used in the systems of the present invention combine high speed, 

;|| low-power charge-domain units with conventional CMOS digital control and memory circuits. 
Q 

y. The output of the summer 86 forms the input to a demodulator 88, whose output is 

manipulated in a square law function 90. The output of the square law function 90 forms the 
input of a display 92 such as a monitor. 

Figure 4 is a block diagram illustrating a sonar imaging system 100 in accordance with 

20 another preferred embodiment of the present invention. The imaging system 100 includes a 
front-end 102 which interfaces with a back-end host computer 104. The front-end electronics 
including the beamformer is mounted on small-sized printed circuit boards that can be 
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completely housed in the nose of the UUV, for example. The output of the back-end provides 
the input to a display system 108 or is downloaded via ethernet to a display platform. 

The front-end 102 of the systgna-+(7U is an integration of many subsystems. A waveform 
transmit function 1 12 forms an inp^t to a transmitter 114 which in turn transmits waveforms to a 
target image 106. An array 1 16 is receivea&4he front-end 102 from the target image and is then 
processed in the front-end. The array in a preferred embodiment is a one-dimensional array. 
The processing signals of the receiv€d"array begins with preamplification in a low noise 
preamplifier 118 having time-gain control. The output of the preamplifier 118 forms the input 
into a beamforming functions^, preferably using CDP. A memory device 122 interfaces with 
the preamplifier 118 and the beamfoh»Qr 124. The memory device 122 may be a single memory 
device or plurality of memory devices. Such alnmiory device may be, but is not limited to, a 
random access memory, read-only memory, floppy disk memory, hard drive memory, extended 
memory, magnetic tape memory, zip drive mgiatfry and/or any device that stores digital 
information. A front-end host interface processing module or controller 120 interfaces with the 
memory 122. The controller V20 may be a single processing device or a plurality of processing 
devices. Such a processing device m^v be a microprocessor, microcomputer, digital signal 
processor, central processing unit of a compulsitor work station, digital circuitry, state machine, 
and/or any device that manipulates signals, for examplk analog and/or digital, based on 
operational instructions. It should be notedJljatA^^ignthe processing module implements one or 
more functions, via a state machine oi^logic circuitry, the memory storing the corresponding 
operational instructions is embedded withinthe^drcuitry comprising the state machine or logic 
circuitry. A standard interface such as^fo^example, a high-speed serial bus IEEE 1394/Firewire 
chip set 126 interfaces with both the host interface controller 120 and the memory 122. 
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Thus, in a preferred embodiment, the forward-looking sonar is comprised of bistatic 
transducer arrays, preamplification and beamforming electronics and a commercially available 
computer. An industry-standard personal computer such as PC- 104 computer and a high-speed 
serial bus such as IEEE 1394 peripheral interface provide for data collection and archiving of the 
data generated by the front-end beamforming electronics. The PC- 104 computer and its disc 
driver, memories, input/output, the high-speed serial bus (IEEE 1394) interface are integrated 
into a hermetically sealed portion of the AUV or UUV. Data is retrieved by connecting through 
a standard Ethernet interface mounted on the body of the vehicle. 

The back-end 104 includesaj»iCfoprocessor 130 that sends inputs to an Interface chip 
(IEEE 1394) 134 and then to(a buffer 128 and a post signal processor 132. The Firewire (IEEE 
1394) chip set 126 in the front-endTTJ2Sttterfaces with the interface chip set 134 in the back-end 



through an interface 110. The back-end preferably includes a receiving parellel data bus 
|m? interface, for example, PCI or a^OTarbuTir^rface, for example, a Firewire chip set 134. The 
Q buffer 128 interfaces with the post sign&i^prpcessor 132. Further details regarding interface 

si 

structure can be found in U.S. 



^^ication No. 09/791,491 filed on February 22, 2001, the entire 

contents of which is incorporate^Ri^rein^by reference. 

The output of the back-end 104 forms the input into a display 108 such as at least, 

without limitation, a monitor, a video recorder and/or a digitizer. The system of the present 

invention permits real-time analysis of data to assess the images as well as permits data analysis 

20 via post collection. 

Figure 5 is a block diagramqffilsffatmg a flow chart of the image fusion process 150 of 

the sonar imaging system in accc^dflneejadllLa^referred embodiment of the present invention. 

Data from at least one side scan 1 52 are^eshed with forward scan data 156 derived from a 
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forward-looking scan such as described witjo-ceepect to Figures 1 and 2. This data from the side 
scan and the forward scan are firsts^ormalized or scaled in a normalizing process 158. The 
process of normalization addresses spatial resoltitkm. This normalization process is preferably 
performed, without limitation, on a sJa^KtaFffpereonal computer platform. The fan shaped data is 
then meshed in an image fusion proce&s^60. The data fusion process enables multi-sensor target 
classification and identification. The data fusiokprocess may be accomplished, without 



limitation, using commercial products ^foqh^ rovide three-dimensional rendering of data that is 
stacked such as, for example, 3D EchoT^fel^that is provided commercially by EchoTech. 

Figure 6 is a schematic illustration of transmit and receive beam configurations of the 




J| sonar imaging system in accordance with a preferred embodiment of the present invention. The 
P forward-looking sonar scan 172 includes at least one transmit beam 174, and preferably multiple 
receive beams. The receive beams are discrete beams such as, for example, beam 176. 

Figure 7 is a graphical illusJtatiTJrnSK) of a curvilinear array of a sonar imaging system in 
accordance with a preferred embodiment^ the present invention. The FLS curvilinear receive 
15 array has a center frequency betwe^^OO Hz to 1 MHz with 192 elements. 

The performance of the FLS is a function of the array's design frequency and aperture. 
The aperture is limited by the diameter of the vehicle, which may be 7.5 inches. In a preferred 
embodiment, a curvilinear array with approximately a 3.125-inch radius is recommended. This 
radius allows the array to be encapsulated in a protective cover to protect against damage if the 
20 vehicle impacts an obstacle during an imaging operation. For this radius of curvature, the 3dB 
beam width, or azimuth resolution in degrees, is determined by the arrays center frequency (Fo) 
and number of elements spaced at one-half wavelength spacing (A/2). 
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In another preferred embodiment of the system of the present invention, the FLS curve 
linear receive array has a center frequency of 750 KHz with 128 elements, and a 3 inch radius of 
curvature. The transmit projector consists of a single element looking ahead for obstacle 
avoidance and a three element transmit array looking forward and downward for gap filling and 
navigation. The three-element projector array may be three discrete wide beam elements or a 
three element curved array. 

The arrays consist of full-scale receiver and projector arrays mounted on a pressure plate 
and encapsulated in p-c polyurethane. A simple hemispherical shape is used in a preferred 
embodiment for the outer shape of the array. In yet preferred another embodiment of the present 
invention, the sonars are mounted on a pivotable mechanism to provide a sonar that provides for 
forward scan and side scans. 

The system of the present invention is contemplated to have at least two modes of 
operation- an identification mode which provides a zoom capability and a detection mode which 
allows for a survey with a large range for scanning. The detection mode operates at a lower 
frequency as compared with the identification mode such as, for example, but not limited to, 500 
KHz. This provides a longer range for scanning in the detection mode. The frequency is at least 
doubled for the identification mode and allows a zoom function. Thus a frequency shift allows 
for the two modes or operation. 

The following table details an exemplary power estimate (Wattage/size) in accordance 
with a preferred embodiment of the system of the present invention: 
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~" Table 5 

PC HOST CONTROLLER SUBSYSTEM 

Processor: P133 with up to 126MB Memory and Mass Storage Power requirements: 10W 
(effective), estimated size: 3.5 x 2 x 6 inch 

BEAMFORMING ELECTRONICS SUBSYSTEM 

FLS power requirements (192 channels): 1 1 W (effective), estimated size: 9x6x1 inch 
SLS power requirement (32 channels): 4 W (effective), estimated size: 3x6x1 inch 

TRANSMITTER SUBSYSTEM 

FLS power requirements: 2.5 W (effective) 
SLS power requirements: ~5 W (effective) 



A preferred embodiment of the system includes the following design criteria: 
SLS gap = +/- 6m 

Typical mission duration 8 to 9 hours 

Frame rate = 1 image/second (AUV speed = 2m/second) 

For range resolution = 5.25 in. (match SLS); 64 x 256 class image covers 10m. - 44m. 
(16 Kbyte file); Azimuth resolution = 0.7° range/64; 9hr mission raw data file = 531 Mbytes. 

Further preferred embodiments of the present invention provide mean and long range 
forward-looking sonar performance, short range focusing of the forward-looking sonar for high 
resolution classification, three-dimensional imaging with the forward-looking sonar, side-looking 
sonar with emphasis on short range focusing to minimize gap width, downward- looking sonar to 
define resolution and corridor width limitations for bathymetric surveys and downward-looking 
sonar three-dimensional imaging capabilities to evaluate image skew, and near field focusing 
update rate requirements. 
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It should be understood that the programs, processes, methods and systems described 
herein are not related or limited to any particular type of computer or network system (hardware 
or software), unless indicated otherwise. Various types of general purpose or specialized 
computer systems may be used with or perform operations in accordance with the teachings 
described herein. 

In view of the wide variety of embodiments to which the principles of the present 
invention can be applied, it should be understood that the illustrated embodiments are exemplary 
only, and should not be taken as limiting the scope of the present invention. For example, the 
steps of the flow diagrams may be taken in sequences other than those described, and more or 
fewer elements may be used in the block diagrams. While various elements of the preferred 
embodiments have been described as being implemented in software, other embodiments in 
hardware or firmware implementations may alternatively be used, and vice- versa. 

It will be apparent to those of ordinary skill in the art that methods involved in the sonar 
beamforming system and method may be embodied in a computer program product that includes 
a computer usable medium. For example, such a computer usable medium can include a 
readable memory device, such as, a hard drive device, a CD-ROM, a DVD-ROM, or a computer 
diskette, having computer readable program code segments stored thereon. The computer 
readable medium can also include a communications or transmission medium, such as, a bus or a 
communications link, either optical, wired, or wireless having program code segments carried 
thereon as digital or analog data signals. 

The claims should not be read as limited to the described order or elements unless stated 

to that effect. Therefore, all embodiments that come within the scope and spirit of the following 

claims and equivalents thereto are claimed as the invention. 
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